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6.3 BREEDING BEHAVIOUR OF THREE SANDALWOOD SPECIES 


























































































TABLE 1:  THE NUMBER OF GENOTYPE COMBINATIONS (UNIQUE ‘POLLINATIONS’) AND TREATED/POLLINATED 
























Figure 1: Number of seed and seedlings per pollinated flower for self and intraspecific pollinations 
in S. album (‘album self’ and ‘album intra’ respectively) and S. lanceolatum (‘lanc self’ and ‘lanc 
intra’ respectively), self pollination in S. austrocaledonicum (‘aust self’) and reciprocal interspecific 
pollinations between these three species (‘album x aust’, ‘album x lanc’, ‘aust x lanc’).  Vertical bars 
represent standard errors. Cross types sharing lower case letters are not significantly (P < 0.05) 
different within either the seed or seedling response variable.  
* Calculation of standard error and significance values not possible because of low sample size.
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Interspecific pollination between S. album, S. austrocaledonicum and S. lanceolatum




























































































Interspecific crosses between S. album, S. austrocaledonicum and S. lanceolatum
Despite	total	geographic	isolation	and	significant	morphological	divergence	between	the	three	species	of	
this	study,	no	reproductive	barrier	appears	to	exist	between	them.		We	demonstrated	equivalent	or	greater	
seedling	production	in	all	three	reciprocal	interspecific	pollinations	compared	with	the	two	intraspecific	
crosses.	Seed	producing	two	seedlings	were	found	in	crosses	between	S.	album	(♂)	and	S.	lanceolatum	(♀),	
and	although	this	is	not	unusual,	the	level	(7.5%	of	seed)	was	elevated	compared	with	all	other	crosses	in	this	
study	and	with	S.	album	intraspecific	crosses	in	controlled	crosses	in	China	where	the	frequency	was	2.5%	
(Ma	et	al.	2006).
The	results	of	this	study	reflect	similar	findings	with	spontaneous	hybridisations	between	S.	album	and	S.	
yasi	in	Fiji,	with	no	apparent	reproductive	barrier	or	hybrid	breakdown	(Bulai	and	Nataniela	2005;	Doran	et	
al.	2005).		Bulai	(2007)	further	reported	that	open	pollinated	hybrids	between	S.	album	and	S.	yasi	are	now	
being	produced	in	clonal	seed	orchards,	and	these	hybrids	appear	to	have	higher	vigour,	wider	environmental	
tolerances	and	are	less	dependant	on	forming	host	associations.	Rugkhla	et	al.	(1997)	found	that	no	seeds	
developed	after	1930	reciprocal	controlled	pollinations	between	S.	album	and	S.	spicatum,	and	reported	that	
strong	incompatibility	mechanisms	operated	between	pollen	and	style,	and	possibly	in	the	developing	zygote.
Doran	and	Brophy	(2005)	proposed	that	interspecific	hybrids	may	provide	the	opportunity	to	improve	the	plant-
ed	form	of	sandalwood	particularly	given	the	good	vigour	of	F1	hybrids	between	S.	album	and	S.	yasi	observed	
in	Fiji.		Hybridisation	between	S.	album,	S.	austrocaledonicum	and	S.	lanceolatum	may	be	used	to	incorporate	
important	characters	from	each	of	these	species	into	a	cultivar	for	use	in	commercial	plantations.	Combining	
characters	such	as	high	heartwood	oil	concentration	and	quality	(%	α -	and	β-santalol)	from	S.	album,	
precocious	heartwood	development	from	S.	austrocaledonicum	and	straight	form	and	fire	tolerance	from	
S.	lanceolatum	in	cultivars	may	be	possible	provided	additive	genetic	effects	predominate	in	the	
characters	of	interest.	
The	high	level	of	cross-compatibility	between	these	three	species	indicates	the	likelihood	that	they	are	not	
widely	divergent	genetically	and	chromosomally	(few	chromosome	structural	differences)	and	thus	the	
transfer	of	characters,	even	those	under	quantitative	genetic	control,	would	appear	to	be	feasible	from	
interspecific	crosses.		While	the	high	cross-compatibility	between	these	three	species	indicates	the	likelihood	
that	they	are	not	widely	divergent	genetically,	it	would	be	necessary	to	evaluate	the	fertility	and	seed	
production	level	of	both	their	F1	hybrid	and	F2	progeny,	because	it	is	possible	that	genetic	divergence	
between	the	two	species	may	not	be	significantly	manifest	until	these	post-hybridisation	stages.
The	apparent	lack	of	interspecific	barriers	between	S.	lanceolatum	with	each	of	S.	album	and	S.	austrocaledonicum	
also	has	implications	for	the	conservation	of	their	natural	stands.		Given	the	low	relative	value	of	S.	lanceolatum	it	is	
unlikely	that	it	would	be	introduced	into	areas	of	natural	populations	of	S.	album	or	S.	austrocaledonicum.		
Commercial	plantings	of	S.	album	have	however,	already	been	established	in	some	areas	of	Queensland	with	
existing	natural	populations	of	S.	lanceolatum.		It	is	likely	that	gene	flow	will	occur	between	the	S.	album	plantings	
and	adjacent	S.	lanceolatum	populations.		It	is	unclear	whether	such	hybrid	progeny	would	have	an	advantage	in	
these	more	arid	environments	and	persist	beyond	1	or	2	generations.		These	considerations	however	may	need	to	
be	evaluated	by	those	responsible	for	(a)	management	of	S.	lanceolatum	wild	stands	and	(b)	improvement	of	S.	
album	germplasm	for	commercial	production.
The	genetic	purity	of	S.	austrocaledonicum	appears	to	be	under	threat	in	Vanuatu,	where	S.	album	has	been	
introduced	in	recent	years	(Page	et	al.	2012).		Given	the	cross	compatibility	between	these	species,	this	
development	is	of	concern	in	terms	of	the	long-term	preservation	of	the	genetic	variation	in	this	species.		
While	it	is	recognised	that	S.	album	generally	produces	oil	that	is	of	superior	quality	in	the	marketplace,	the	
heritage	and	therefore	the	quality	of	the	Vanuatu	introductions	is	unclear.	Page	et	al.	(2012)	also	reported	that	
heartwood	production	in	S.	austrocaledonicum	may	be	more	precocious	compared	with	S.	album	and	there-
fore	producers	of	hybrids	in	the	future	may	need	to	consider	increasing	the	length	of	the	production	rotation.
108
The	introduction	of	S.	album	also	represents	a	concern	for	the	ongoing	identity	of	Vanuatu	Sandalwood,	which	
currently	occupies	an	international	market	niche.		It	is	therefore	looking	increasingly	likely	that	pure	forms	
of	S.	austrocaledonicum	may	only	persist	New	Caledonia.		There	may	however	be	opportunity	to	preserve	the	
identity	of	Vanuatu	sandalwood	in	isolated	parts	of	the	country	including	the	regions	of	Malekula	and	Santo,	
where	forms	of	S.	austrocaledonicum	exist	that	have	superior	oil	quality	(Page	et	al.	2010).
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